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Preface v

Preface

This book is designed to provide valuable knowledge to students and learners 
in the field of Materials Science and Engineering. As a rapidly evolving and 
interdisciplinary domain, Materials Science and Engineering involves the study 
of structures, devices and systems with novel and advanced properties. Rooted 
in physics, chemistry and engineering, materials science plays a crucial role in 
advancing nearly every area of modern technology.

This volume, “Materials Science and Engineering,” aims to provide readers 
with a comprehensive overview of the field, covering core principles, recent 
advances, and emerging trends. The chapters explore essential topics such as 
crystallography, nanomaterials, biomaterials, computational materials science, 
optical materials, optical fibres, numerical simulation and phase transitions.

As editors, our objective has been to curate a well-balanced and cohesive 
resource that serves both as a foundational resource for students and as a valuable 
reference for professionals seeking deeper insights into material behaviour and 
applications. Special emphasis has been placed on clarity, accessibility and 
practical relevance with numerous examples, illustrations and case studies that 
bridge theoretical knowledge with real-world applications.

We would like to express our heartfelt gratitude to the contributing authors 
for their expertise and dedication and to the reviewers whose insights have 
significantly enhanced the quality and precision of this work. We also extend 
our sincere appreciation to the publishing team for their unwavering support 
throughout this project.

We hope that this book will not only support academic learning but also 
inspire curiosity and innovation in the field of Materials Science and Engineering. 
Whether you are a student beginning your academic journey, a researcher 
exploring new scientific frontiers, or a practitioner applying materials knowledge 
to solve complex challenges, this book is for you.

Editors

Dr. Apala Bhattacharya 
Dr. Bhaskar Jyoti Sarkar

Department of Physics, 
Vivekananda Mahavidyalaya, Burdwan



Materials Science and Engineeringvi



Contents vii

Contents

Preface� v

1.	 Room Temperature Mechanosynthesis of 
Nanocrystalline Si0.9B0.1C� 1

H. Dutta, S. Bandyopadhyay and S. K. Pradhan�

2.	 Dilute Magnetic Dielectrics: An Emerging Field in Spintronics� 9
Bhaskar Jyoti Sarkar, Atul Bandyopadhyay and Pabitra Kumar Chakrabarti�

3.	 Spin Crossover Materials: Fundamentals and Applications� 19
Chaitali Mondal�

4.	 Transmission Characteristics of Silica-Based, 
Square-Lattice Microstructured Optical Fibers� 27

Kajal Mondal�

5.	 Structural and Electrical Properties of  
Scheelite-Type Calcium Molybdate � 37

Gunjan Das and Abhigyan Dutta�

6.	 Electrical Properties of Gd Substituted  
Sodium Niobate Perovskite� 45

Pritha Dey and Abhigyan Dutta�

7.	 Sensing of H2O2 via Photo-Electro Catalytic  
Reduction by Nanosized SnO2� 51

Shrabani Mondal�

8.	 Polymer Brushes: A Short Review� 57
Tanmoy Lahiri, Amrendra Thakur and Deepak Kumar�

9.	 Calcium Copper Titanate (CCTO): Structure,  
Properties and Influence of Rare Earth Doping � 63

Renu Rani, Rajnish Kumar Ranjan, Parveen Kumar and Ankurava Sinha�



Materials Science and Engineeringviii

10.	 Air Pollution Dynamics in Chittaranjan: 
A Comprehensive Study� 71

Mukul Kamle�

11.	 Nanoinsecticides: Innovative Technology for 
Insect Pest Management� 79

Prasanta Saha�

12.	 Use of Drones in Pest Surveillance and Control� 91
Shubhrajit Bhowmik�

13.	 Overview of Nonlinear Optical Effects in  
Graded-Index Multimode Fibers� 103

Vishwatosh Mishra�

14.	 Microstructure Dependent Magnetization and  
Optical Bandgap of Tiny Single Crystalline Nd0.85K0.15MnO3� 113

Anshuman Nandy�

15.	 Magnetic/Conducting Nanofillers Embedded Polymer  
Nanocomposite Materials: Preparation, Investigations, and  
Usefulness in EMI Shielding Application� 121

Suman Saha, Tanmoy, Chakraborty, Tanmay Kundu, 
Aliva Saha, Subhojit Dutta, Sayak Mukherjee, 
Sukhen Das and Soumyaditya Sutradhar�

16.	 An Overview of Oxide-Ion Conducting  
Nanomaterials for Sustainable Energy� 135

Arunmay Baidya, Sujan Malik and Abhigyan Dutta�

17.	 Optical Non-Linear Material for Designing All-Optical 
Binary Encoder to Code Decimal Number� 145

Apurba Guchhait, Nirmalya Pahari and Nabin Baran Manik�

18.	 Optical Circuit for Decoding Ternary Code to  
Decimal Number by exploiting Kerr Optical  
Non-Linear Material� 153

Apurba Guchhait, Nirmalya Pahari and Nabin Baran Manik�



Contents ix

19.	 Application of Mesoporous Transition 
Metal Oxide Nanoparticles in Electrochemical Energy 
Storage Technologies� 163

Shilpi Banerjee, Avinash Kumar Patel and Partha Pratim Das�

20.	 Electrochemical Water Splitting Using a Ferrite Catalyst� 175
Sunil Mukherjee and Ujjal Kanti Roy�

21.	 The Important Role of ZnO in  
Advancing Water Splitting for Green Energy� 185

Asish Malik, Ashoke Hazra and Ujjal Kanti Roy�

22.	 Predator Prey Model with Holling 
Type IV Functional Response in Presence of Fear Effect� 193

Samir Tamang�

23.	 Study of Phase-Transition of Planar P2P4 Model� 207
Enakshi Guru�


